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Abstract 
0HGLFDOGHYLFHVVKRZJUHDWSURPLVHIRUIXWXUHPHGLFDUH'XHWRVWULFWOHJDOUHTXLUHPHQWVWRHQVXUHWKHIXQFWLRQDOLW\RIKLJKULVNPHGLFDOGHYLF
HVERWKPDQXIDFWXULQJFRVWVDQGTXDOLW\FRVWVFRQWULEXWHVLJQLILFDQWO\WRWRWDOSURGXFWLRQFRVWV7KXVTXDOLW\FRVWVKDYHWREHWDNHQLQWRFRQ
VLGHUDWLRQGXULQJWKHVWDJHRIWHFKQRORJ\SODQQLQJ'XHWRWKHKLJKYDULHW\RISRWHQWLDOLQWHUDFWLRQVEHWZHHQLQGLYLGXDOFRPSRQHQWSURSHUWLHVDV
ZHOODVEHWZHHQFRPSRQHQWSURSHUWLHVDQGPDQXIDFWXULQJSURFHVVHVWKHDQDO\VLVRIWKHLQIOXHQFHRIWKHPDQXIDFWXULQJKLVWRU\RQDQHIILFLHQW
GHVLJQRILQVSHFWLRQSURFHVVHVLVH[WUHPHO\FRPSOH[)XUWKHUPRUHWKHHIIHFWVRIWHVWVWUDWHJLHVDQGTXDOLW\FRVWVRQWKHSODQQLQJRIPDQXIDFWXU
LQJSURFHVVVHTXHQFHVFDQQRWEHPRGHOHGWRGDWH$VDFRQVHTXHQFHPDQXIDFWXULQJDQGWHVWLQJSURFHVVHVDUHGHVLJQHGVHSDUDWHO\DQGWKXVD
KLJKFRVWUHGXFWLRQSRWHQWLDOUHPDLQVXQWDSSHG
,QWKLVSDSHUDQDSSURDFKIRUDQLQWHJUDWLYHWHFKQRORJ\DQGLQVSHFWLRQSODQQLQJLVSUHVHQWHG$WILUVWH[LVWLQJDSSURDFKHVZLWKUHJDUGWRWHFK
QRORJ\ DQG LQVSHFWLRQSODQQLQJDUH UHYLHZHG$IWHUZDUGV DPRGHO WRGHSLFW WKHPDQXIDFWXULQJKLVWRU\ LQFOXGLQJ DOWHUQDWLYH LQVSHFWLRQSUR
FHVVHVZLOOEHLQWURGXFHG2QWKHEDVLVRIWKLVGHVFULSWLYHPRGHODPDWKHPDWLFDOPRGHOWRGHWHUPLQHWKHH[SHFWHGSURGXFWLRQFRVWVRIDOWHUQDWLYH
WHFKQRORJ\DQGWHVWVHTXHQFHVZLOOEHGHYHORSHG7KXVWKHFRPSOH[FDXVDOLWLHVEHWZHHQ WHFKQRORJ\SODQQLQJPDQXIDFWXULQJKLVWRU\DQGLQ
VSHFWLRQSODQQLQJDUHV\VWHPDWLFDOO\H[SODLQHGE\DQDO\WLFDOPRGHOVHQDEOLQJDFRVWHIIHFWLYHLQWHJUDWLYHWHFKQRORJ\DQGLQVSHFWLRQSODQQLQJ
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKHUG,QWHUQDWLRQDO&RQIHUHQFHRQ5DPSXS0DQDJHPHQW,&50
.H\ZRUGV0DQXIDFWXULQJ7HFKQRORJLHV1HZ3URGXFW'HYHORSPHQW7HFKQRORJ\3ODQQLQJ4XDOLW\&RQWURODQG,QVSHFWLRQ

1. Introduction and Motivation 
)RUPRGHUQVRFLHWLHVWKHPHGLFDO LQGXVWU\RFFXSLHVDFHQ
WUDO SRVLWLRQ 0HGLFDO WHFKQRORJ\ HQDEOHV GHFLVLYH FRQWULEX
WLRQVWRLPSURYHGSDWLHQWFDUHEHWWHUTXDOLW\RIOLIHSDUWLFXODU
O\LQROGDJHDQGWKXVRIIHUVJUHDWSRWHQWLDOIRUWKHKHDOWKFDUH
RIWKHIXWXUH>@0RUHRYHUWKHZRUOGZLGHGHPDQGIRUPHGL
FDOWHFKQRORJ\SURGXFWVVKRZVDULVLQJWUHQG7KHWXUQRYHURI
WKH*HUPDQPHGLFDOWHFKQRORJ\IRUH[DPSOHKDVLQFUHDVHGE\
IURPWR>@6LJQLILFDQWGHWHUPLQDQWVRIWKH
ULVLQJGHPDQGDUHWKHSRSXODWLRQJURZWKLQGHYHORSLQJFRXQ
WULHV D SRVLWLYH LQFRPH GHYHORSPHQW LQ SRSXORXV HPHUJLQJ
PDUNHWVDQGGHPRJUDSKLFFKDQJHVLQLQGXVWULDOFRXQWULHV>@
7KH PDQXIDFWXUH RI PHGLFDO SURGXFWV LV VXEMHFW WR VWULFW
UHJXODWRU\UHTXLUHPHQWVVHH>@7KHUHTXLUHGHQVXULQJRIWKH
IXQFWLRQDOLW\LPSOLHVDQLQVSHFWLRQRIDOOVDIHW\UHOHYDQWFRP
SRQHQWV+LJKTXDOLW\FRVWVUHVXOWLQJIURPWKHLQVSHFWLRQSUR
FHVVHVOHDGWRDVKDUSULVHLQPDQXIDFWXULQJFRVWV(KUOHQVSLHO
HVWLPDWHGWKHSURSRUWLRQRITXDOLW\FRVWVWRSURGXFWLRQFRVWVLQ
*HUPDQ\ WR   EXW HPSKDVL]HV WKDW WKH UDWLR FDQ EH
PXFK KLJKHU IRU FHUWDLQ FRPSRQHQWV >@7KHTXDOLW\ FRQWURO
LQSURGXFWLRQDQGWKHUHODWHGFRVWVDUHDQLQWHJUDOSDUWRIWKH
PDQXIDFWXUH RI PHGLFDO GHYLFHV (DFK LQVSHFWLRQ OHDGV WR
KLJKHU FRVWV+RZHYHU WKHRPLVVLRQRI DQ LQVSHFWLRQ FDUULHV
WKHULVNRISURGXFLQJVFUDSDQGUHZRUNUHVXOWLQJLQLQFUHDVLQJ
HUURUFRVWV7KXVIRUDFRVWRSWLPL]HGSURGXFWLRQWKHFRQVLG
HUDWLRQRITXDOLW\FRVWVLQDGGLWLRQWRWKHSURGXFWLRQFRVWVKDV
WREHLQWHJUDWHGLQHDUO\SKDVHVLQWRWKHIUDPHZRUNRISURGXF
WLRQSODQQLQJIRUPLQJDQLQWHJUDWLYHDSSURDFKIRUPDQXIDFWXU
LQJDQGLQVSHFWLRQSURFHVVGHVLJQ>@)XUWKHUPRUHWLPHFRQ
VXPLQJ LWHUDWLRQV FDQ EH DYRLGHG IROORZLQJ DQ LQWHJUDWLYH
DSSURDFK 'HOD\V LQ SURGXFW GHYHORSPHQW FDQ EH UHGXFHG
VLJQLILFDQWO\>@7KXVE\PHDQVRIDQLQWHJUDWLYHDSSURDFK
WKHWLPHWRPDUNHWFDQEHVKRUWHQHGFRQWULEXWLQJWRDVXFFHVV
IXOSURGXFWLRQUDPSXS>@
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+RZHYHU GXH WR WKHKLJKYDULHW\RI SRWHQWLDO LQWHUDFWLRQV
EHWZHHQ LQGLYLGXDO FRPSRQHQW FKDUDFWHULVWLFV DQG EHWZHHQ
FRPSRQHQWFKDUDFWHULVWLFVDQGSURGXFWLRQSURFHVVHVWKHGHIL
QLWLRQ RI D FRVWHIIHFWLYH SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ
VHTXHQFH LV H[WUHPHO\ FRPSOH[ $V D UHVXOW WKH SURGXFWLRQ
DQG WHVWLQJ SURFHVVHV DUH UHJDUGHG VHSDUDWHO\ LQ WKH FXUUHQW
VWDWHRIUHVHDUFK7KXVDKLJKFRVWDQGWLPHUHGXFWLRQSRWHQ
WLDOUHPDLQVXQWDSSHG
2. State of the Art 
7KH VWDWH RI WKH DUW IRFXVHV RQ DSSURDFKHV WKDW GHDO ZLWK
WHFKQRORJ\SODQQLQJDQGLQVSHFWLRQSODQQLQJWRHQDEOHDFRVW
HIILFLHQWSURGXFWLRQ([LVWLQJDSSURDFKHVRIWKHILHOGV³7HFK
QRORJ\ 3ODQQLQJ´ DQG ³,QVSHFWLRQ 3ODQQLQJ´ DUH DQDO\]HG
UHJDUGLQJ WKHLU DELOLW\ WR VXSSRUW D FRVW HIILFLHQW SURGXFWLRQ
SODQQLQJSURFHVVRIPHGLFDOGHYLFHV
 7HFKQRORJ\3ODQQLQJ
7KH IXQGDPHQWDO WDVN RI WHFKQRORJ\ SODQQLQJ LV WR GHWHU
PLQHWHFKQRORJLHVFRQFHUQLQJW\SHDQGWLPHIUDPHWRSURGXFH
DFHUWDLQSURGXFW0OOHUDQG0RU\VRQXQGHUVWDQGWHFKQRORJ\
SODQQLQJ DV DQ LQWHJUDWHG SURFHVV RI SURGXFW GHYHORSPHQW
DFFRUGLQJ WR 9',  DQG SURGXFWLRQ SODQQLQJ LQ DFFRUG
DQFH ZLWK 5()$ >@ %\ PHDQV RI WKH SDUDOOHOL]DWLRQ RI
FRQYHQWLRQDOO\ VHTXHQWLDOO\ FRQGXFWHG VWHSV D IDVW DQG HFR
QRPLFGHYHORSPHQWLVHQDEOHG>@
7KHVFLHQWLILFOLWHUDWXUHLQWKHILHOGRIWHFKQRORJ\SODQQLQJ
IRFXVHVRQDSSURDFKHVWRGHVLJQDQGHYDOXDWHDOWHUQDWLYHSUR
GXFWLRQ VHTXHQFHV )DOOE|KPHU GHYHORSHG D PHWKRGRORJ\ WR
GHVLJQ DOWHUQDWLYH WHFKQRORJ\ FKDLQV >@ 7KH HYDOXDWLRQ LV
EDVHG RQ WKH FDSDELOLWLHV RI WKH WHFKQRORJLHV WR SURGXFH WKH
SDUW FKDUDFWHULVWLFV 7URPPHU IRFXVHG RQ WKH HYDOXDWLRQ RI
DOWHUQDWLYH SURGXFWLRQ VHTXHQFHV LQWURGXFLQJ D PHWKRGRORJ\
WR SULRULWL]H WHFKQRORJLFDO DOWHUQDWLYHV WDNLQJ LQWR DFFRXQW
YDULRXVHYDOXDWLRQFULWHULD>@0RUHUHFHQWDSSURDFKHVGHWDLO
WKH HYDOXDWLRQ RI SURGXFWLRQ VHTXHQFHV FRQVLGHULQJ WKH SUR
GXFWLRQ HQYLURQPHQW RU FKDQJHV LQ WKH SURGXFWLRQ SURJUDP
>@RU LQWHQVLI\ WKH IRFXVRQ WHFKQRORJLFDOGHSHQGHQFLHV
RI SURGXFWLRQ SURFHVVHV >@ +RZHYHU DOO WKHVH DS
SURDFKHVQHJOHFW WKH LQIOXHQFHRI LQVSHFWLRQSURFHVVHV LQ WKH
GHVLJQRISURGXFWLRQSURFHVV VHTXHQFHV1HLWKHU WKHGHPDQG
IRUTXDOLW\DVVXULQJLQVSHFWLRQSURFHVVHVLQGHSHQGHQFHRIWKH
VHOHFWHGSURGXFWLRQSURFHVVHVQRU WKH DFFRPSDQLHG FRVWV DUH
WDNHQLQWRFRQVLGHUDWLRQ
 ,QVSHFWLRQ3ODQQLQJ
7KH REMHFWLYH RI LQVSHFWLRQ SODQQLQJ LV WKH SODQQLQJ RI
TXDOLW\ FRQWURO IRU WKH YDULRXV SURGXFWLRQ VWHSV RI D SURGXFW
>@ +HUH WKH WHUP TXDOLW\ FRQWURO LV WR EH XQGHUVWRRG DV
GHWHUPLQLQJWKHH[WHQWWRZKLFKSURGXFWVDQGDFWLYLWLHVPHHW
WKH TXDOLW\ GHPDQGV SODFHG RQ WKHP >@ 7KH LQVSHFWLRQ
SODQQLQJGHILQHVYDULRXVWHVWLQJSURFHVVHVDQGDFWLYLWLHVLQWKH
HQWLUHSURGXFWLRQSURFHVVIURPUHFHLSW RIJRRGV WKURXJKSUR
GXFWLRQDQGDVVHPEO\WRGHOLYHU\RIWKHSURGXFW>@
6LPLODUWRWKHILHOGRIWHFKQRORJ\SODQQLQJDOVRWKHVWDWHRI
WKH DUW LQ WKH ILHOG RI LQVSHFWLRQ SODQQLQJ VKRZV DSSURDFKHV
IRUDFRVWHIIHFWLYHGHVLJQRILQVSHFWLRQSURFHVVHV&URVWDFNHW
DOSUHVHQWDQDSSURDFK IRUDQRSWLPL]HG LQVSHFWLRQSODQQLQJ
WDNLQJLQWRDFFRXQWWKHLQVSHFWLRQPHWKRGVFRSHRILQVSHFWLRQ
DV ZHOO DV ORFDWLRQ DQG WLPH RI LQVSHFWLRQ >@ .UDSSLJ
DQG 6FKPLWW IRFXVHG RQ WKH VHOHFWLRQ RI PHDVXULQJ GHYLFHV
DQGHODERUDWHGDPHWKRGRORJ\WRLGHQWLI\WKHPRVWDSSURSULDWH
PHDVXULQJ V\VWHP IRU D GHILQHG LQVSHFWLRQ WDVN >@$QDS
SURDFKWRPRQLWRUWKHTXDOLW\DFURVVDGHILQHGSURFHVVFKDLQLV
SUHVHQWHGE\:XHVWHWDO>@+RZHYHUUHVHDUFKDFWLYLWLHV
LQWKLVILHOGDVVXPHWKHSURGXFWLRQSURFHVVDVSUHGHILQHG$Q
LQWHJUDWLYHGHVLJQRI WKHSURGXFWLRQDQGLQVSHFWLRQSURFHVVHV
HQDEOLQJ DQ RSWLPL]HG DGMXVWPHQW RI SURGXFWLRQ DQG LQVSHF
WLRQSURFHVVHVDOUHDG\LQWKHSODQQLQJSKDVHLVQRWSUHVHQWHG
 6XPPDU\
7KH VWDWH RI WKH DUW VKRZV WKDW LQ ERWK ILHOGV WHFKQRORJ\
SODQQLQJ DV ZHOO DV LQVSHFWLRQ SODQQLQJ DSSURDFKHV H[LVW WR
GHVLJQ DQG WR HYDOXDWH SURGXFWLRQ RU LQVSHFWLRQ SURFHVVHV
WDNLQJ LQWR DFFRXQW WHFKQRORJLFDO DQG HFRQRPLF FULWHULD
+RZHYHUWKHDSSURDFKHVDQGPRGHOVRQO\IRFXVRQDVSHFWVRI
HLWKHUSURGXFWLRQRULQVSHFWLRQSODQQLQJ$MRLQWFRQVLGHUDWLRQ
RIWHFKQRORJ\DQGLQVSHFWLRQSODQQLQJGRHVQRWWDNHSODFH,Q
FRQVHTXHQFH D QHZ DSSURDFK LV QHHGHG ZKLFK HQDEOHV DQ
LQWHJUDWLYH GHVLJQ DQG HYDOXDWLRQ RI WHFKQRORJ\ DQG LQVSHF
WLRQDOWHUQDWLYHV
3. Terminology and approach 
7KHLQWHJUDWLYHXQGHUVWDQGLQJRISURGXFWLRQDQGLQVSHFWLRQ
GHPDQGVDMRLQWFRQVLGHUDWLRQRIERWKWHFKQRORJ\DQGLQVSHF
WLRQ 7KHUHIRUH WKH WHUP ³SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ
VHTXHQFH´ZLOOEH LQWURGXFHG WRGHVFULEH WKHHQWLUHW\RISUR
GXFWLRQSURFHVVVHTXHQFHVLQFOXGLQJLQVSHFWLRQVWHSVEHWZHHQ
FHUWDLQSURGXFWLRQ SURFHVVHV$SURGXFWLRQSURFHVV VHTXHQFH
GHVFULEHVDVHTXHQFHRIGLUHFWO\YDOXHDGGLQJUHVRXUFHUHODWHG
SURGXFWLRQSURFHVVHV>@
7KLVSDSHUIRFXVHVRQWKHHFRQRPLFHYDOXDWLRQRIDOWHUQD
WLYHSURGXFWLRQSURFHVVDQG LQVSHFWLRQ VHTXHQFHV7KHUHIRUH
LQ D ILUVW VWHS DOWHUQDWLYH SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ
VHTXHQFHVKDYHWREHLGHQWLILHG6LQFHDQRSWLPDOGHILQLWLRQRI
LQVSHFWLRQ VWHSV GHSHQGV RQ WKH LQIOXHQFH RI WKH SURGXFWLRQ
SURFHVVHVRQWKHPDQXIDFWXUHGSDUWDQDSSURDFKLVSUHVHQWHG
WKDWDOORZVDGHGXFWLRQRIDOWHUQDWLYHSURGXFWLRQSURFHVVDQG
LQVSHFWLRQVHTXHQFHVRQWKHEDVLVRIWKHPDQXIDFWXULQJKLVWR
U\,QWKLVSDSHULW LVDVVXPHGWKDWDILUVWSURGXFWLRQSURFHVV
VHTXHQFH DOWHUQDWLYH LV SUHVHQW DOUHDG\+RZHYHU WKHGHILQL
WLRQRILQVSHFWLRQSURFHVVHVZLWKLQWKHSURGXFWLRQVHTXHQFHLV
QRWGHILQHG\HW,QDQH[WVWHSDOWHUQDWLYHSURGXFWLRQSURFHVV
DQGLQVSHFWLRQVHTXHQFHVDUHHYDOXDWHGZLWKUHIHUHQFHWRWKHLU
FRVWHIIHFWLYHQHVV,QRUGHUWRGHWHUPLQHWKHH[SHFWHGFRVWVRI
DSURGXFWLRQSURFHVVDQGLQVSHFWLRQVHTXHQFHDPDWKHPDWLFDO
PRGHOLVLQWURGXFHG
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4. Deduction of alternative production process and 
inspection sequences 
 'HSLFWLRQRIWKHPDQXIDFWXULQJKLVWRU\
,QD ILUVWVWHS WKHPDQXIDFWXULQJKLVWRU\RI WKHSURGXFWLRQ
VHTXHQFH LV GHSLFWHG WR LOOXVWUDWH WKH LQWHUDFWLRQV EHWZHHQ
LQGLYLGXDOSDUWFKDUDFWHULVWLFVDQGEHWZHHQSDUWFKDUDFWHULVWLFV
DQGSURGXFWLRQSURFHVVHV(YHU\SURFHVVVWHSOHDGVWRFKDUDF
WHULVWLFFKDQJHVRQWKHSDUW7KHVHFKDQJHVRIWKHSDUWFKDUDF
WHULVWLFV DORQJ WKH SURGXFWLRQ SURFHVV DUH GHVFULEHG E\ WKH
WHUPPDQXIDFWXULQJKLVWRU\>@,QWKLVSDSHURQO\FKDUDFWHU
LVWLFV UHOHYDQW WR WKH IXQFWLRQDOLW\RI WKHSDUW DUHFRQVLGHUHG
7KHVHDUHWREHGHILQHGLQHDUOLHUSKDVHVRIWKHSURGXFWSODQ
QLQJSURFHVVE\TXDOLW\PDQDJHPHQWPHWKRGV)RUWKHGHSLF
WLRQ RI WKH PDQXIDFWXULQJ KLVWRU\ WKH LOOXVWUDWLRQ IROORZLQJ
.ORFNHDQG:XHVW >@ LVXVHGDQGH[WHQGHGE\ WKH LQWH
JUDWLRQ RI LQVSHFWLRQ VWHSV &KHFNSRLQWV DUH LQWURGXFHG EH
WZHHQWKHSURGXFWLRQSURFHVVHVWRHQDEOHWKHFKDUDFWHUL]DWLRQ
RIWKHSDUW7KHVHFKHFNSRLQWVUHSUHVHQWSRWHQWLDOSRVLWLRQVIRU
LQVSHFWLRQSURFHVVHV
7KHGHSLFWLRQRIHDFKSDUWFKDUDFWHULVWLFGHSHQGVRQWKHLQ
IOXHQFH RI WKH SURGXFWLRQ SURFHVV RQ WKH SDUW FKDUDFWHULVWLF
IRUPDVZHOODVWKHW\SHRILQVSHFWLRQFRORUVHH)LJ


)LJ'HSLFWLRQRIWKHPDQXIDFWXULQJKLVWRU\
7KHFRORUGHSLFWVZKHWKHUWKHLQVSHFWLRQRIDFKDUDFWHULVWLF
LVPDQGDWRU\ LQ WKLVFKHFNSRLQW UHGRSWLRQDO LQ WKLVFKHFN
SRLQW JUHHQ RU KDV WR EH H[HFXWHG LQ DW OHDVW RQH RI WKH
FKHFNSRLQWV ZKHUH WKH FKDUDFWHULVWLF LV PDUNHG \HOORZ %H
FDXVHRI WKHVWULFW OHJDOUHTXLUHPHQWV IRUPHGLFDOSURGXFWV LW
LVDVVXPHGWKDWHDFKFKDUDFWHULVWLFPXVWEHWHVWHGDWOHDVWDIWHU
WKH ODVWPRGLILFDWLRQ ,I WKHUH LVQRPRGLILFDWLRQRID FKDUDF
WHULVWLFE\WKHSUHYLRXVSURFHVVVWHSWKHFKDUDFWHULVWLFFDQEH
WHVWHGHLWKHUEHIRUHRUDIWHU WKHSURFHVV VWHS$QRSWLRQDO LQ
VSHFWLRQ FDQ EH LQWURGXFHG WR LGHQWLI\ VFUDS RU UHZRUN DQG
WKXV SUHYHQW D IXUWKHU PDFKLQLQJ RI WKH GHIHFW SDUW )RU WKH
FODVVLILFDWLRQDKHXULVWLFZDVGHYHORSHGWKDWDOORZVDV\VWHP
DWLF GHGXFWLRQ RI WKH LQVSHFWLRQ W\SH IRU HDFK FKDUDFWHULVWLF
EDVHGRQWKHLQIOXHQFHVRIWKHSURFHVVVWHSV
 'HGXFWLRQRISURGXFWLRQDQGLQVSHFWLRQVHTXHQFHV
:LWK UHIHUHQFH WR WKH GHSLFWLRQ VKRZHG LQ )LJ  YDULRXV
WHVWVWUDWHJLHVDUHWREHLGHQWLILHG7KHWHVWVWUDWHJLHVGHILQLQJ
WKH FKDUDFWHULVWLFV WR EH WHVWHG LQ HDFK FKHFNSRLQW UHVXOW LQ
GLIIHULQJFRVWV$QDGGLWLRQDO LQVSHFWLRQVWHSLPSOLHVLQFUHDV
LQJFRVWVIRUWKHLQVSHFWLRQEXWFDQOHDGWRDFRVWUHGXFWLRQE\
WKH LGHQWLILFDWLRQRI VFUDSRUUHZRUN7KHDOWHUQDWLYHSURGXF
WLRQ SURFHVV DQG LQVSHFWLRQ VHTXHQFHV FDQ EH GHGXFWHG E\
PHDQVRIDKHXULVWLFXVLQJDSHUPXWDWLRQWDEOH'HSHQGLQJRQ
WKHW\SHRILQVSHFWLRQIRUHDFKFKDUDFWHULVWLFWKHUHLVDYDULHW\
RI SRVVLEOH LQVSHFWLRQ DOWHUQDWLYHV IRU WKH HQWLUH SURGXFWLRQ
SURFHVV VHTXHQFH ,Q WKLV VWHS DOO SRWHQWLDO YDULDWLRQV RI LQ
VSHFWLRQ VWHSV ZLWKLQ WKH SURGXFWLRQ SURFHVV VHTXHQFH DUH
FRQVLGHUHG ,W LVDVVXPHGWKDWGXH WR WKHKLJKVDIHW\UHTXLUH
PHQWVLQFDVHRIDQLQVSHFWLRQDLQVSHFWLRQLVFRQGXFW
HG $ VSHFLILFDWLRQ RI UHVRXUFHV KDV WR EH FDUULHG RXW DIWHU
ZDUGVE\ DPDWFKLQJRI WKH UHTXLUHPHQWVRI WKHSURGXFW DQG
WKHFDSDELOLW\RIWKHPDQXIDFWXULQJDQGWHVWLQJHTXLSPHQW
5. Mathematical model 
 7UDQVIHURIWKHPDQXIDFWXULQJKLVWRU\LQWRDSUREDELOLW\
PDWUL[
7RDSSUR[LPDWHWKHH[SHFWHGPDQXIDFWXULQJFRVWVRIWKHDO
WHUQDWLYH SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ VHTXHQFHV WKH
SUREDELOLWLHV WRSURGXFH VFUDS IRUHDFKSURFHVV VWHSFRQFHUQ
LQJ HDFK FKDUDFWHULVWLF DUH FRQVLGHUHG 7KHUHIRUH LQ D ILUVW
VWHS WKHGHSLFWLRQRI WKHPDQXIDFWXULQJKLVWRU\ LV WUDQVIHUUHG
LQWRDSUREDELOLW\PDWUL[GHVFULELQJWKHH[SHFWHGUDWLRRIVFUDS
DIWHU HDFK SURFHVV VWHS VKRUW SUREDELOLW\ RI VFUDS IRU HDFK
FKDUDFWHULVWLFVHH)LJ


)LJ7UDQVIHULQWRWKHSUREDELOLW\PDWUL[
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Interaction between 
characteristics
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
7KH LQWHUDFWLRQ IDFWRU NL\O GHVFULEHV WKH LQIOXHQFH RI D
FKDUDFWHULVWLF L RQ DQRWKHU FKDUDFWHULVWLF O DW WKH FRQVLGHUHG
SURFHVVVWHS\5|WWJHUIRUH[DPSOHVKRZHGWKDWWKHKDUGQHVV
RIWKHPDWHULDOFDQLQIOXHQFH WKHPDFKLQLQJSURFHVVDQGWKXV
KDYH DQ LPSDFW RQ WKH UHVXOWLQJ VXUIDFH URXJKQHVV >@
+HQFH DQ H[SUHVVLRQ RI D FKDUDFWHULVWLF EH\RQG WKH UDQJH
GHILQHG LQ WKH FRXUVH RI SURFHVV SODQQLQJ FDQ UHVXOW LQ DQ
DGGLWLRQDOSURGXFWLRQRIVFUDSFRQFHUQLQJDQRWKHUFKDUDFWHULV
WLF DIWHU D IROORZLQJ SURGXFWLRQ VWHS 7KH LQWHUDFWLRQ IDFWRU
NL\OLV H[SUHVVHGDV WKHSURGXFWRI D IDFWRU]ZLWK]
GHSHQGLQJRQ WKHGHJUHHRI LQIOXHQFH DQG WKHSUREDELOLW\ RI
VFUDS RI WKH LQIOXHQFLQJ FKDUDFWHULVWLF L VXEWUDFWHG E\ WKH
SUREDELOLW\IRUD MRLQWRFFXUUHQFHRIVFUDSIRUFKDUDFWHULVWLF L
DQGFKDUDFWHULVWLFO
7KH SUREDELOLWLHV RI VFUDS GHSHQG RQ WKH FKRVHQ LQVSHFWLRQ
VWUDWHJ\ )RU WKH FDVH WKDW DQ LQVSHFWLRQ LV FDUULHG RXW LW LV
DVVXPHGWKDWDOOGHIHFWSDUWVDUHLGHQWLILHGWKDWPHDQVWKDWQR
GHIHFWSDUWJRHVLQWKHQH[WSURFHVVVWHS,IWKHUHLVQRLQVSHF
WLRQLWLVSRVVLEOHWKDWEHVLGHVJRRGSDUWVDOVRGHIHFWSDUWVDUH
PDFKLQHGLQWKHIROORZLQJSURFHVVVWHSV7KHVHFRQVLGHUDWLRQV
DUHDSSOLHGRQHDFKSURFHVVVWHS7KHH[SHFWHGSUREDELOLWLHVWR
SURGXFHVFUDSDUH WREHHVWLPDWHGE\H[SHUWVRQ WKHEDVLV RI
SUDFWLFDO NQRZOHGJH %\ PHDQV RI WKH IRUPXOD RI LQFOXVLRQ
DQG H[FOXVLRQ RI 6\OYHVWHU3RLQFDUp >@ WKH SUREDELOLW\ RI
VFUDS RI DQ XQWHVWHG FKDUDFWHULVWLF DIWHU WKH QH[W SURGXFWLRQ
VWHS LVFDOFXODWHG)LJ LOOXVWUDWHV WKHGLIIHULQJSUREDELOLWLHV
RIVFUDSGHSHQGLQJRQYDU\LQJLQVSHFWLRQVWUDWHJLHV


)LJ&DOFXODWLRQRISUREDELOLWLHVRIVFUDSIRUGLIIHUHQWLQVSHFWLRQVWUDWHJLHV
)RU HDFK SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ VHTXHQFH WKH
H[SHFWHGSURGXFWLRQFRVWVDQG LQVSHFWLRQFRVWVFDQEHFDOFX
ODWHG,QWKHIROORZLQJLWLVSUHVHQWHGKRZWKHFRVWVDUHPRG
HOHG7KHFRQVLGHUDWLRQRIXQFHUWDLQWLHVLQWKHODVWVWHSDOORZV
DPRUHVSHFLILFHYDOXDWLRQ
 0RGHOLQJWKHSURGXFWLRQFRVWV
7KH HVWLPDWLRQ RI WKH H[SHFWHG SURGXFWLRQ FRVWV LV EDVHG
RQ WKHPDFKLQHKRXU UDWHFDOFXODWLRQ7KHPDFKLQHKRXU UDWH
DWWULEXWHV WKH HQHUJ\ FRVWV WKH VSDFH FRVWV WKH FRVWV RI
PDLQWHQDQFHLPSXWHGLQWHUHVWVDQGFDOFXODWRU\GHSUHFLDWLRQWR
DVLQJOHPDFKLQHDQGVSHFLILHVWKHFRVWVIRUDSURGXFWLRQVWHS
LQGHSHQGHQFHRI WKH WLPHRIPDFKLQLQJ>@)XUWKHUPRUH
WKHFRVWRIODERUDQGWKHWRROFRVWVDUHDVVLJQHGWRWKHSURGXF
WLRQFRVWV LQ WKLVFRVWPRGHO&RQVLGHULQJ WKH WLPHQHHGHG WR
PDFKLQH WKHSDUWZLWK DFHUWDLQSURGXFWLRQVWHS WKHH[SHFWHG
SURGXFWLRQFRVWIRUHDFKSURGXFWLRQVWHSFDQEHGHWHUPLQHG
7KLVZD\WKHSURGXFWLRQFRVWVSHUXQLWDUHGHILQHGIRUHDFK
SURFHVV VWHS7KHVHDUH LQGHSHQGHQW IURP WKHFKRVHQ LQVSHF
WLRQVWUDWHJ\+RZHYHUWKHUHPRYDORIGHIHFWSDUWVLQFDVHRI
DIRUHJRQHLQVSHFWLRQVWHSKDVWREHWDNHQLQWRDFFRXQW7KHUH
IRUHWKHFDSDFLW\XWLOL]DWLRQRIWKHPDFKLQHKDVWREHFRQVLG
HUHGLQWKHPDFKLQHKRXUUDWH2QWKHEDVLVRIWKHSURGXFWLRQ
FRVWVSHUSLHFHWKHWRWDOSURGXFWLRQFRVWVIRUDFHUWDLQSURGXF
WLRQSURFHVVDQG LQVSHFWLRQVHTXHQFHFDQEHGHWHUPLQHG VHH
)LJ


)LJ3URFHGXUHWRFDOFXODWHWKHSURGXFWLRQFRVWV
,QDILUVWVWHSWKHSURGXFWLRQFRVWVSHUSLHFHIRUHDFKSUR
GXFWLRQ SURFHVV DUH GHSLFWHG LQ D YHFWRU )XUWKHUPRUH WKH
SUREDELOLWLHV WRSURGXFHVFUDS IRUHDFKFKHFNSRLQWDUHFDOFX
ODWHG RQ WKH EDVLV RI WKH SUREDELOLWLHV WR SURGXFH VFUDS IRU
HYHU\ VLQJOH SDUW FKDUDFWHULVWLF DQG WKH IRUPXOD RI LQFOXVLRQ
DQGH[FOXVLRQRI6\OYHVWHU3RLQFDUp LQ WKHFRQVLGHUHGFKHFN
SRLQW 6LPLODU WR WKH SURGXFWLRQ FRVWV WKH SUREDELOLWLHV RI
VFUDS IRU HDFK FKHFNSRLQW FDQ EH GHSLFWHG LQ D YHFWRU 7KLV
YHFWRULVWKHQWUDQVIRUPHGLQWRWKHSUREDELOLW\RIVFUDSDOORFD
WLRQ YHFWRUZKLFK GHVFULEHV WKH H[SHFWHG FXPXODWHG SURSRU
WLRQRIVFUDSIRUHDFKFKHFNSRLQW$IWHUZDUGVWKHWRWDOSURGXF
WLRQ FRVWV DUH FDOFXODWHG E\ VHWWLQJ WKH SURGXFWLRQ FRVWV SHU
Charact. CP1 CP2 CP3
C1
C2
C3
C4
C5
x
x
x
x
x
x
x
x
x
x
x
x
x
x
Production sequence Inspection strategies
Strategy BStrategy A
Charact. CP1 CP2 CP3
C1
C2 0 0
C3 0 0
C4 0 0
C5 0
Charact. CP1 CP2 CP3
C1 0
C2 0 0
C3 0 0
C4 0 0
C5 0 0
Calculation of the production costs
1. Definition of the pro-
duction cost vector
4. Transformation into the 
probability of scrap 
allocation vector 
5. Multiplication of  production 
cost vector and probability of 
waste allocation vector 
6. Calculation of the total 
production costs 
Legend
: Production costs per unit of process step y
: Probability of scrap in checkpoint j
: Input quantity in process step 1
2. Calculation of the probabilities of scrap for each checkpoint
: Total production costs per unit
3. Definition of the proba-
bility of scrap vector
ǣ Number of characteristics in checkpoint j
ǣ Number of checkpoints
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SLHFHYHFWRUDJDLQVWWKHSUREDELOLW\RIVFUDSDOORFDWLRQYHFWRU
DQGWKHLQSXWTXDQWLW\VHH)LJ
 0RGHOLQJWKHLQVSHFWLRQFRVWV
7KHFDOFXODWLRQRI WKH LQVSHFWLRQFRVWV LVFRQGXFWHGVLPL
ODUO\WRWKHFDOFXODWLRQRIWKHSURGXFWLRQFRVWV+RZHYHUWKHUH
LVDGLIIHUHQFH$VSUHYLRXVO\GHVFULEHG WKH LQVSHFWLRQFRVWV
FDQEHDWWULEXWHGWRLQGLYLGXDOSDUWFKDUDFWHULVWLFVUHVXOWLQJLQ
VHYHUDOFRVWREMHFWVZLWKLQRQHFKHFNSRLQW
7KH FDOFXODWLRQ RI WKH H[SHFWHG LQVSHFWLRQ FRVWV EDVHV DV
ZHOODVWKHFDOFXODWLRQRIWKHSURGXFWLRQFRVWVRQWKHPDFKLQH
KRXU UDWHEXW UHIHUV WRDSDUWLFXODUPHDVXULQJ LQVWUXPHQWDQG
SDUWFKDUDFWHULVWLF7KLVZD\WKHH[SHFWHGFRVWVIRUDQLQVSHF
WLRQRIDFHUWDLQFKDUDFWHULVWLFRIDVLQJOHSDUWLQDFKHFNSRLQWM
FDQEHGHWHUPLQHG7KHVHFRVWVDUHGHSLFWHG LQDQ LQVSHFWLRQ
FRVW PDWUL[ 2QO\ WKH FRVWV RI WKH LQVSHFWLRQV ZKHUH DQ LQ
VSHFWLRQWDNHVSODFHDFFRUGLQJWRWKHVHOHFWHGLQVSHFWLRQVWUDW
HJ\DUHHQWHUHGLQWKHPDWUL[$IWHUZDUGVWKHSUREDELOLWLHVRI
VFUDS IRU HDFK FKHFNSRLQW DQG FKDUDFWHULVWLF DUH FDOFXODWHG
ZLWK UHIHUHQFH WR WKH LQVSHFWLRQ VWUDWHJ\ DFFRUGLQJ WR )LJ 
DQG)LJ  ,Q WKH QH[W VWHSV WKH LQVSHFWLRQ FRVWV SHU FKHFN
SRLQWDQGWKHWRWDO LQVSHFWLRQFRVWVFDQEHFDOFXODWHGDFFRUG
LQJWRWKHIRUPXODVVKRZQLQ)LJ


)LJ3URFHGXUHWRFDOFXODWHWKHLQVSHFWLRQFRVWV
)RUWKHFDOFXODWLRQRIWKHLQVSHFWLRQFRVWVSHUSLHFHWKHGH
WHFWLRQ RI GHIHFW SDUWV LV WR EH FRQVLGHUHG 7KHVH SDUWV DUH
VRUWHG RXW DQG GR QRW SURFHHG WR WKH IROORZLQJ LQVSHFWLRQ
SURFHVVLQFDVHWKHUHDUHPXOWLSOHLQVSHFWLRQSURFHVVHVZLWKLQ
RQHFKHFNSRLQW
 0RGHOLQJWKHWRWDOFRVWVXQGHUXQFHUWDLQW\
7KH DGGLWLRQ RI WKH SURGXFWLRQ FRVWV DQG WKH LQVSHFWLRQ
FRVWVUHVXOWVLQWKHWRWDOPDQXIDFWXULQJFRVWVWREHH[SHFWHGLQ
WKLV FRVW PRGHO +RZHYHU WKH WHFKQRORJ\ SODQQLQJ SURFHVV
DOUHDG\ VWDUWV LQ HDUO\ SKDVHV RI WKH SURGXFW GHYHORSPHQW
SURFHVVDQGH[WHQGVWRWKHVWDUWRISURGXFWLRQ3DUWLFXODUO\ LQ
HDUO\SKDVHVWKHUHDUHKLJKXQFHUWDLQWLHVZLWKUHIHUHQFHWRWKH
YDOXHVRI WKHSDUDPHWHUV LQ WKHFRVWPRGHO7KHVHXQFHUWDLQ
WLHV RQ WKH RQH KDQG FDQ EH DWWULEXWHG WR LQFRPSOHWH LQIRU
PDWLRQ2QWKHRWKHUKDQGWKH\FDQEHFDXVHGE\YDULDWLRQVRI
WKH SDUDPHWHUV H J D YDULDWLRQ LQ HQHUJ\ FRVWV GXULQJ WKH
SODQQLQJSURFHVV1HJOHFWLQJYDULDWLRQVRIFHUWDLQSDUDPHWHUV
FDXVHV WKH ULVN WR PLVV SRWHQWLDO H[WUHPH YDOXHV RI WKH SD
UDPHWHUVDQGKHQFHWRPDNHDQXQIDYRUDEOHGHFLVLRQFRQFHUQ
LQJ WKH SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ VHTXHQFH WR EH
UHDOL]HG
7KHUHIRUHWKHYDOXHVRIWKHSDUDPHWHUVFDQQRWEHDVVXPHG
DV GHWHUPLQLVWLF EXW PXVW EH PRGHOHG VWRFKDVWLFDOO\ 7KXV
HDFK SDUDPHWHU LQ WKH FRVW PRGHO LV WR EH GHVFULEHG E\ DQ
H[SHFWHGYDOXHDQGD VWDQGDUGGHYLDWLRQı%\PHDQVRID
0RQWH&DUORVLPXODWLRQDQGWKHSUHVHQWHGFRVWPRGHOWKHWRWDO
PDQXIDFWXULQJFRVWVDUHWKHQFDOFXODWHGLQIRUPRIDGLVWULEX
WLRQIRUHDFKLQVSHFWLRQVWUDWHJ\RIWKHSURGXFWLRQSURFHVVDQG
LQVSHFWLRQVHTXHQFH7KHVWUDWHJLHVWKHQFDQEHSULRULWL]HGIRU
DIXUWKHUDQDO\VLVRIRSWLPL]DWLRQSRWHQWLDOVHH)LJ6WUDWH
JLHVWKDWFRQVLVWHQWO\H[FHHGWKHFRVWVRIWKHEHVWVWUDWHJ\DUH
H[FOXGHG7KHUHPDLQLQJVWUDWHJLHVDUHWKHQWREHH[DPLQHGLQ
GHWDLO ZKHWKHU D PRGLILFDWLRQ RI SURFHVV SDUDPHWHUV RU D
VXEVWLWXWLRQRISURGXFWLRQSURFHVVHVOHDGWRORZHUPDQXIDFWXU
LQJFRVWV


)LJ0RGHOLQJWKHWRWDOPDQXIDFWXULQJFRVWVXQGHUXQFHUWDLQW\
6. Conclusion 
,QWKLVSDSHUDQHZDSSURDFKIRUDQLQWHJUDWLYHWHFKQRORJ\
DQG LQVSHFWLRQ SODQQLQJ ZDV SUHVHQWHG 7KHUHIRUH WKH WHUP
³SURGXFWLRQSURFHVVDQGLQVSHFWLRQVHTXHQFH´ZDVLQWURGXFHG
7KH VWDWH RI WKH DUW VKRZHG WKDW LQ ERWK ILHOGV WHFKQRORJ\
SODQQLQJDQGLQVSHFWLRQSODQQLQJDSSURDFKHVIRUDFRVWHIIHF
Calculation of the inspection costs
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inspection costs per 
unit matrix 
2. Determination of the 
probabilities of scrap of each 
characteristic and checkpoint 
and definition of the 
probability of scrap matrix 
3. Calculation of the inspection costs per piece for each 
checkpoint j
Legend
: Inspection costs per unit for characteristic i in checkpoint j
: Probability of scrap for characteristic i in checkpoint j
: Input quantity in process step 1
4. Calculation of the total inspection costs
: Probability of scrap in checkpoint j
: Inspection costs per unit in checkpoint j
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
WLYHSURGXFWLRQSURFHVVUHVSHFWLYHO\LQVSHFWLRQSURFHVVGHVLJQ
DOUHDG\H[LVW+RZHYHU WKHDSSURDFKHVLQERWKILHOGVQHJOHFW
WKH LQWHUGHSHQGHQFLHVZLWK WKHRWKHU ILHOG'XH WR WKDW IDFW LW
ODFNVLQDQLQWHJUDWLYHDSSURDFKWRUHDOL]HIXUWKHUSRWHQWLDOIRU
D FRVWHIIHFWLYH GHVLJQ RI SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ
VHTXHQFHV
,QWKHSUHVHQWHGLQWHJUDWLYHDSSURDFKLQDILUVWVWHSDOWHUQD
WLYH SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ VHTXHQFHV DUH WR EH
GHILQHGFRQVLGHULQJWKHPDQXIDFWXULQJKLVWRU\,QDQH[WVWHS
WKHH[SHFWHGSURGXFWLRQDQGLQVSHFWLRQFRVWVDUHFDOFXODWHGRQ
WKHEDVLVRIWKHSUHVHQWHGFRVWPRGHOVDQGWKHSUREDELOLWLHVRI
VFUDS IRU HDFK FKDUDFWHULVWLF LQ HYHU\ VLQJOH SURGXFWLRQ VWHS
6XEVHTXHQWO\ WKH WRWDO H[SHFWHG PDQXIDFWXULQJ FRVWV DUH
PRGHOHGXVLQJD0RQWH&DUORVLPXODWLRQ
7. Outlook 
%\PHDQVRIDQLQWHJUDWLYHDSSURDFKWKHSURGXFWGHYHORS
PHQW SURFHVV FDQ EH DFFHOHUDWHG VLJQLILFDQWO\ SURPRWLQJ D
VXFFHVVIXO UDPSXS 7R DFKLHYH WKLV IXUWKHU UHVHDUFK LV UH
TXLUHG WR HPEHG WKH FRQWHQW SUHVHQWHG LQ WKLV SDSHU LQWR D
FRPSUHKHQVLYH PHWKRGRORJ\ WR GHVLJQ DQG HYDOXDWH DOWHUQD
WLYHSURGXFWLRQSURFHVVDQG LQVSHFWLRQ VHTXHQFHV7KHUHIRUH
DSURFHGXUHKDVWREHHODERUDWHGWKDWDOORZVWKHGHILQLWLRQRI
DOWHUQDWLYHSURGXFWLRQSURFHVVDQGLQVSHFWLRQVHTXHQFHVLQDQ
LQWHJUDWLYH ZD\ FRQVLGHULQJ WKH LQWHUGHSHQGHQFLHV EHWZHHQ
SURGXFWLRQDQGLQVSHFWLRQSURFHVVHV
)XUWKHUPRUH WKHHYDOXDWLRQRIDOWHUQDWLYHSURGXFWLRQSUR
FHVV DQG LQVSHFWLRQ VHTXHQFHV KDV WR EH UHILQHG HQDEOLQJ D
PXOWL FULWHULD DQDO\VLV 7KXV PRUH FULWHULD OLNH SURGXFWLRQ
WLPHRUHFRORJ\ FDQEH WDNHQ LQWR DFFRXQW IRU WKHHYDOXDWLRQ
RI DOWHUQDWLYH SURGXFWLRQ SURFHVV DQG LQVSHFWLRQ VHTXHQFHV
0RUHRYHU WKH FRVW PRGHO KDV WR EH H[WHQGHG WR HQDEOH WKH
FRQVLGHUDWLRQ RI SRWHQWLDO UHZRUN DQG VDPSOLQJ LQVSHFWLRQV
DIWHUFHUWDLQSURFHVVVWHSV
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